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Evolutionary Demography and the Population History 
of the European Early Neolithic
Stephen Shennan1
Abstract In this paper I propose that evolutionary demography and as-
sociated theory from human behavioral ecology provide a strong basis for 
explaining the available evidence for the patterns observed in the fi rst agri-
cultural settlement of Europe in the 7th–5th millennium cal. BC, linking to-
gether a variety of what have previously been disconnected observations and 
casting doubt on some long-standing existing models. An outline of relevant 
aspects of life history theory, which provides the foundation for understand-
ing demography, is followed by a review of large-scale demographic pat-
terns in the early Neolithic, which point to rapid population increase and a 
process of demic diffusion. More localized socioeconomic and demographic 
patterns suggesting rapid expansion to local carrying capacities and an as-
sociated growth of inequality in the earliest farming communities of central 
Europe (the Linear Pottery Culture, or LBK) are then outlined and shown 
to correspond to predictions of spatial population ecology and reproductive 
skew theory. Existing models of why it took so long for farming to spread 
to northern and northwest Europe, which explain the spread in terms of the 
gradual disruption of hunter-gatherer ways of life, are then questioned in light 
of evidence for population collapse at the end of the LBK. Finally, some 
broader implications of the study are presented, including the suggestion that 
the pattern of an initial agricultural boom followed by a bust may be relevant 
in other parts of the world.
The foundations for understanding demographic processes, whether in prehistory 
or the present, lie in Darwinian evolutionary theory and more specifi cally in life 
history theory (Charnov 1993; Hawkes and Paine 2006) and human behavioral 
ecology (E. A. Smith and Winterhalder 1992; Winterhalder and Smith 2000). It 
can be assumed that humans, like other animals, have evolved to maximize their 
reproductive success. The idea that children are a good in themselves, rather than 
simply a means to an end (e.g., to increase the pool of agricultural labor), seems to 
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be held in virtually all human cultures. Decisions to have children or not and how 
much to invest in them are made at the individual or household level in light of 
individual interests and the circumstances that affect them. Those circumstances 
also affect the outcomes of unconscious “decisions,” such as changing lactation 
spans arising from changing activity patterns (Bocquet-Appel 2008). The mac-
roscale population-level results of these decisions are unintended outcomes, not 
goals of regulation (Voland 1998).
There are trade-offs between the maximum number of children that can 
be produced and the maximum number that can be brought to the stage of being 
successful parents themselves, because of the costs of parental investment. Thus, 
for example, Gillespie et al.’s (2008) analysis of historical demographic data from 
18th-century Finland demonstrated that there were diminishing returns in mater-
nal fi tness with increasing maternal fecundity for women from landless but not 
from landowning families. If changed conditions of some kind reduce the severity 
of those trade-offs, then people will take advantage of them and population will 
expand to new limits (cf. Wood 1998). Those limits will not in general be set by 
the starvation carrying capacity but by the point at which external conditions have 
a density-dependent effect on individual choices relating to fertility, survival, and 
parental investment, such that mean reproductive productivity and mean survival 
balance one another (Puleston and Tuljapurkar 2008; Sutherland 1996: 108–113). 
Those changed conditions may be entirely exogenous. For example, M. A. Smith 
and Ross (2008) suggested that an increased intensity of human occupation in 
central Australia about 1,500 years ago was associated with the spread of sum-
mer-rainfall grassland and increased rainfall. They may also stem from cultural 
innovations. Thus Gibson and Mace (2006) showed that the installation of water 
taps in an Ethiopian village led to increased fertility as a result of the reduced 
energy load for women arising from not having to carry water long distances, and 
Kramer and McMillan (2006) found a similar result with the introduction of a 
water pump and maize mill in a Maya village.
It follows that any reasonably sustained regional population increase is 
likely to be an indicator of new conditions that promote increased reproductive 
success for those who respond appropriately. Population stability, on the other 
hand, is an indication that a local ceiling has been reached, a process that will not 
take long given the rapid increases in numbers that even relatively low growth 
rates produce. Discussions of the demographic consequences of new adaptations, 
such as cereal- and pulse-based agriculture, often emphasize the higher popula-
tion growth rates produced. However, on an archaeological time scale the abso-
lute increases in population density that are sustainable are at least as important, 
if not more so; no growth phase can last long before density-dependent checks 
arising from physiological factors or economically based decisions about age at 
fi rst marriage lead to equilibrium population levels. But new adaptations will be 
especially successful if dispersal opportunities are available to the human popula-
tions practicing them (Voland 1998), so that the consequences of the individual 
reproductive decisions are shifted, and when a local population ceiling has been 
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reached, expansion can continue elsewhere. In the circumstances of range expan-
sions, human populations are “food-limited” rather than “space-limited” (Lee and 
Tuljapurkar 2008).
Periods of population growth, as Bocquet-Appel (2002), Bocquet-Appel and 
Naji (2006), and others (e.g., Sattenspiel and Harpending 1983) have shown, re-
sult in an increased representation of younger individuals in the population. If we 
had the burials associated with the expansion of populations out of the late glacial 
refugia into northern Europe at the end of the last Ice Age, we would probably fi nd 
essentially the same pattern even if the growth rates were lower. However, three 
potential features of the expansion of agriculture may make this different in terms 
of demographic properties, apart from the often discussed effect of sedentism on 
fertility. First, in many areas the sustainable productivity of agriculture per unit 
area is so much greater than the possibilities offered by foraging that population 
increase can continue for longer for a given rate of growth, leading to higher equi-
librium densities before density-dependent checks take hold. Second, the amount 
of parental investment per child required to produce successful adults will prob-
ably be higher for foragers than for farmers. Kaplan et al. (2000) showed that for 
males in particular, it is not until the age of 20 that they start producing more than 
they consume. In agricultural societies children become productive earlier and 
older children actually subsidize the investment in younger ones (Boone 2002; 
Kramer and Boone 2002). Finally, to the extent that dependence on agriculture led 
to poorer diets and a greater incidence of infectious disease over which parents 
had little or no control and thus led to increased infant mortality and decreased 
life expectancy at birth, life history theory predicts a shift in reproductive strategy 
to producing larger numbers of offspring and investing less in any one of them. In 
other words, in these circumstances those individuals that switch to this strategy 
will, on average, have greater reproductive success. The existence of the predicted 
pattern is shown by Quinlan (2007) and in Figure 1.
In what follows I fi rst look at the evidence for large-scale demographic pat-
terns and what they tell us about the corresponding processes associated with the 
beginning of the Neolithic and their implications for current models. I then exam-
ine the mesoscale of these demographic processes and their social consequences 
before turning to the factors that delayed the spread of farming into northwest 
Europe for more than a thousand years after its initial arrival at the Rhine.
The Spread of Farming into Europe: Demic Expansion and 
Its Consequences
By the end of the 7th millennium cal. BC, groups with agricultural econo-
mies had spread through southeast Europe into the Carpathian basin (Biagi et 
al. 2005). The so-called Linear Pottery Culture (LBK) that characterizes the fi rst 
farming groups of central Europe appears to have originated in western Hungary 
and eastern Austria c. 5600–5500 cal. BC. It spread westward extremely quickly. 
The area covered by the earliest LBK seems to have been settled in less than 150 
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years (Petrasch 2001); subsequently it expanded still further. However, it should 
be emphasized that these early agricultural occupations were not spatially continu-
ous but restricted to particular patches with favorable conditions for early farming 
(van Andel and Runnels 1995), and this partly explains the rapidity with which 
the spread occurred. As the work of Bocquet-Appel (2002) and the radiocarbon 
date probability distributions discussed later show, the expansion also involved 
rapid population growth. On the basis of studies of the number, size, and density 
of settlements of the LBK in central Europe, Petrasch (2001, 2005) has calculated 
extremely high population growth rates between 0.9% and 2.7% for these fi rst 
farming societies. Detailed fi eldwork in Germany in the western Rhineland has 
enabled this growth and expansion process to be traced on a local scale (e.g., Zim-
mermann 2002; see also Dubouloz 2008).
The mechanisms involved in the spread of farming into Europe and specifi -
cally the question of whether this occurred as a result of demographic expansion 
or cultural diffusion have been disputed for many years and are the subject of 
continuing debate. In my view the evidence increasingly favors the demic dif-
fusion process originally proposed by Ammerman and Cavalli-Sforza (1973) as 
the primary mechanism for the initial expansion: that the spread of farming into 
Europe was a classic example of a dispersal opportunity. In large parts of Eu-
rope, away from coastal and riverine areas with rich aquatic resources, Meso-
lithic hunter-gatherer population densities were low. However, the areas with low 
population densities included zones that were suitable for growing cereal crops 
and thus could sustain much higher densities of farmers than hunter-gatherers. 
Moreover, the combination of annual cereals and domestic animals, in addition to 
Figure 1.  Quadratic associations between pathogen stress and parental effort based on a multiple lin-
ear regression analysis of the relationship between environmental risk and parental effort 
using data from the Standard Cross-Cultural Sample. From Quinlan (2007).
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supporting higher population densities and therefore greater reproductive success 
before the new higher ceiling was reached, was extremely portable, far more so 
than many other agricultural systems. The result was a process of demic diffusion, 
which would have rapidly subsumed any small hunter-gatherer populations exist-
ing in the areas initially occupied by early farmers.
Recent investigations using a variety of proxies for prehistoric population 
patterns strongly support this argument. The radiocarbon-date-based study by 
Gamble et al. (2005), which shows population fl uctuations in the western half of 
Europe in the late Paleolithic and Mesolithic, indicates that these hunting and gath-
ering populations were not stable but expanded and contracted, responding to shift-
ing resource opportunities as the climate changed. What is particularly interesting 
in the present context is that populations in the later Mesolithic (excluding certain 
coastal and riverine areas) were at historically low levels, presumably because the 
developing forest cover resulted in decreasing animal population densities.
Figure 2 shows the summed date probabilities approach taken forward into 
the Neolithic for a number of broad areas where good data are available. In all 
cases where farming is associated with the appearance of LBK settlements in 
the second half of the 6th millennium BC (Belgium, Netherlands, Germany), its 
impact is clearly apparent: Low Mesolithic population levels are succeeded by a 
massively increased LBK population; equally striking is the indication of a major 
decline in population at the end of the LBK in the early 5th millennium; this will 
be considered later.
Niekus (2009) is right to point out that we should always be aware of the 
many possible biasing factors that might affect the validity of summed radiocar-
bon probability distributions as population proxies, but the pattern of a decline in 
population levels over the course of the Mesolithic has also been recently shown 
at a more detailed level by Vanmontfort’s (2008) study of trends in Mesolithic 
occupation in several areas of the Low Countries on the basis of the chronologi-
cal and spatial distribution of microliths. It appears that those specifi c areas of 
the Low Countries that subsequently became LBK early farming nuclei had long 
been devoid of Mesolithic occupation. It may be, then, that the incoming LBK 
farmers deliberately settled in areas that were marginal to already low-density 
Mesolithic populations (Vanmontfort 2008: 157). Vanmontfort (2008: 158) goes 
on to reject Gregg’s (1988) mutualistic model for forager-farmer interaction, ar-
guing that, to the contrary, either the presence of the LBK resulted in a retreat of 
foraging populations or hunting-gathering activity simply survived longer further 
away from them; Vanmontfort also argues that there is no evidence for the hostile 
forager-farmer relations proposed by Keeley (1992). In general, the evidence for 
farmer-forager interaction during the LBK in the west (and indeed in many if not 
most other areas) is remarkably slight.
Similar arguments have been made for a discontinuity or hiatus between the 
late Mesolithic and early Neolithic in many parts of southeast and Mediterranean 
Europe, on the basis of gaps in site stratigraphies, especially caves (Berger and 
Guilaine 2009; Bonsall et al. 2001b).
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Figure 2.  (a) Cumulative calibrated radiocarbon age distributions for selected countries from the 
Northwest European Mesolithic-Neolithic Database, in the age range 11,000–4,000 cal. 
BP. From Weninger et al. (n.d.). (b) Cumulative radiocarbon date probabilities for Ger-
many (from Weninger et al., n.d.).
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Population Ecology of Demographic Expansion Processes: 
The Mesoscale
There has been a tendency to assume, not least on the part of opponents 
of the idea, that demic diffusion was responsible for the spread of farming, that 
demographic growth models of the spread of farming presuppose that spatial ex-
pansion would not have been triggered until local populations were coming close 
to an absolute local carrying capacity. That this cannot have been the case is sug-
gested by the speed of the expansion into southeast, central, and Mediterranean 
Europe and is documented by the fact that in certain areas we can see that new 
places were colonized before others reached any sort of carrying capacity. There-
fore it has been suggested that cultural diffusion through existing forager popula-
tions is a more convincing mechanism.
The basis for understanding why further expansion does not necessarily 
presuppose demographic saturation is provided by principles derived from the 
theory outlined earlier, in this case as they relate to decision making concerning 
spatial behavior (Sutherland 1996; Winterhalder and Kennett 2006: 16). These 
principles predict the distribution of individuals in relation to resources on the 
basis of the ideal free distribution. When individuals (of any species) who are 
seeking to maximize their probability of survival and reproductive success move 
into a new area, they will occupy the resource patch that gives them the best 
returns. In fact, as noted, it has been apparent for a long time that early agricul-
tural occupations were not continuous but restricted to particular patches with 
favorable conditions for early farming (e.g., van Andel and Runnels 1995). As 
more individuals occupy the patch, the returns to each individual decline, to the 
point that the returns to an individual from the best patch are no better than those 
from the next best patch, which at this point has no occupants. The returns from 
both patches are then equal, and they will be occupied indiscriminately until the 
population grows to the point at which there is an equal benefi t to be gained from 
occupying a still worse patch, and the process is repeated.
When there is territoriality, however, the situation is different. Here the so-
called ideal despotic distribution applies. The fi rst individual occupying an area is 
able to select the best territory in the best patch. Subsequent individuals settling 
there do not affect the fi rst arrival but have to take the next best territory, and so 
on, until there comes a point at which the next settler will do just as well by taking 
the best territory in the next best patch. Subsequent individuals will then take ter-
ritories in either patch where the territories are equally suitable. In contrast to the 
ideal free distribution, where new settlers decrease the mean return for everybody, 
including those who arrived fi rst, in an ideal despotic distribution the returns de-
pend on the order of settlement, so that the initial settlers of the best territory in 
the patch will do best, so long as they can defend the territory against anyone who 
might seek to take it from them.
It is proposed, then, that for the spread of farming into Europe, the new 
households being formed as population expanded would have been evaluating the 
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costs and benefi ts of staying near their parents’ household or fi nding somewhere 
else, following the principles of the ideal despotic distribution. All that would 
have been required for further spatial expansion is a shift in the balance of costs 
and benefi ts between accepting the next best local territory available and tak-
ing the risk of fi nding and settling a new top quality patch some distance away, 
allowing for the fact that to be the fi rst occupant of a more distant patch might 
have some disadvantages, such as limited access to reproductive partners or lack 
of local support if the crops failed; this is the so-called Allee effect (Sutherland 
1996: 10–11). It is this that accounts for the rapid expansion of the LBK, coupled 
with the fact that some of the move distances for newly formed communities were 
quite long (cf. Bogucki 2003). For the LBK expansion there may well have been 
many new locations that were equally satisfactory, or at least we have no evidence 
in the physical characteristics of the places initially occupied that they were very 
different from one another, but it is clear that early in the expansion process many 
new locations were occupied almost simultaneously (Zimmermann 2002).
If we assume that the principles of the ideal despotic distribution hold, we 
can make some further predictions not just about the initial process of patch colo-
nization but also, perhaps more interestingly, about the subsequent history of patch 
occupation. First, we expect the founding settlement in a particular area to be the 
dominant one. This is exactly what we fi nd in areas where detailed work has been 
done. The site of LW8 in the Merzbachtal in the Aldenhovener Platte region of the 
western Rhineland, for example, was occupied throughout the approximately 400 
years of the local LBK sequence and was always the largest (Lüning and Stehli 
1994; see also Dubouloz 2008). Apart from its presumptively good location from 
the farming point of view, it also seems to have had a special position as a redistri-
bution center for lithic resources obtained from a major source of high-quality raw 
material some distance away to the west, either as a result of controlling exchange 
relations with local foragers beyond the agricultural frontier or through direct ac-
cess to the source (Jeunesse 1997; Zimmermann 2002). Moreover, it was at LW8 
that a ditched enclosure of possible ritual signifi cance was constructed in the latest 
local phases of LBK occupation.
Despite the high population growth rate, initially there would have been 
no competition between different communities because, as new households were 
formed, they would have been able to move to favorable locations elsewhere. Rel-
atively rapidly, though, the individual microregions began to fi ll up and reach an 
equilibrium population size (Figure 3). This would have led to increased competi-
tion between groups and a reduced possibility of leaving a group and setting up a 
successful independent household in the face of disputes or attempts at exploita-
tion, as adjacent settlement areas would all have been fi lling up at the same time. 
Reproductive skew theory (Summers 2006; Vehrencamp 1983) predicts that both 
increased intergroup competition and reduced colonization opportunities would 
lead to increased inequality within groups as the available options of subordinate 
members decreased.
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Over time these local LBK societies do indeed seem to have become more 
unequal. The evidence for this comes from both settlements and cemeteries. For 
the settlement evidence the case was made by van der Velde (1990), on the basis 
of sites in the southeastern Netherlands and the Aldenhovener Platte. LBK houses 
seem to be made up of three modules (northwest, central, and southeastern parts) 
with different functions. Some houses have only the central part, others a central 
and northwest element, and others still all three parts. The southeastern part, be-
lieved to be the front, is generally argued to have included a granary. Van der Velde 
proposed that the distinctions between houses with larger and smaller numbers of 
elements related to the wealth and status of their associated households and could 
not be explained by changing household composition arising from family life 
cycles or qualitatively different household compositions (van der Velde 1990). At 
the Dutch sites the houses with all three elements had more room than the others 
(the individual house elements were larger), and more stone adzes were associated 
with them. At the LW8 site cereal processing waste was preferentially associated 
with the large houses (Bogaard 2004). Elsewhere there is evidence of higher pro-
portions of domestic animal bones being associated with large houses and more 
remains of hunted animals being associated with smaller houses (Hachem 2000). 
On the basis of a spatial analysis of the settlements he studied, van der Velde 
also showed that the units that make up the settlements suggest the existence of 
long-term social patterns: Particular households and groups of households seem 
to have continued through time, with continuing inheritance of status witnessed 
by the rebuilding of houses of the same type in the same places. Moreover, it 
seems that over time the proportional frequency of small houses, as opposed to 
large ones, increased, suggesting growing inequality. Coudart’s (1998) analysis of 
LBK houses led her to conclude that major rank or wealth differentiation did not 
exist, but she too pointed to some indications of status differences. She noted, for 
example, that granaries were never associated with small houses and that some 
buildings were more spacious than others. Interestingly, she also suggested that 
Figure 3.  Numbers of houses existing at different times during the Linear Pottery Culture (LBK) 
period from three LBK sites in Germany; numbers rescaled so that all sites have the same 
maximum value. From Strien and Gronenborn (2005). Circles, Merzbach; squares, Vai-
hingen; triangles, Bischoffsheim.
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perhaps the largest houses were associated with the groups that had fi rst estab-
lished the settlement.
As far as burials are concerned, it is clear that there were complex patterns 
of spatial differentiation involving both burial within settlements and separate 
cemeteries, mainly of individual inhumations, which are rare in the earliest LBK 
phases. Jeunesse (1997) concluded that the earliest burials present a picture of 
relatively egalitarian societies, with indications of achieved status for older men, 
whereas the later burials tend to have a small group of graves, including child buri-
als, clearly distinguished from the rest by the presence of markedly richer grave 
goods and possible symbols of power. This is the case, for example, with the cem-
etery of Niedermerz 3, which belonged to the settlements of the Merzbachtal on 
the Aldenhovener Platte and which was established in the 52nd century cal. BC. 
Cemeteries would have come into existence for precisely the reasons proposed in 
the long-standing Saxe-Goldstein model: to represent an ancestral claim to terri-
tory in the face of increasing competition as local carrying capacities began to be 
reached. Indeed, precisely this argument has been used by van der Velde (1990) 
and Kneipp (1998) (cited by Zimmermann 2002) to account for the establishment 
of the Niedermerz cemetery. Increased competition also provides a basis for ex-
plaining the deposition of rich grave goods as a form of costly signaling (Bliege 
Bird and Smith 2005; Neiman 1997), in which the ability to make extravagant 
displays represents an honest signal of a group’s power and control over resources 
that would otherwise not be apparent. Thus the number of rich burials would not 
simply be a refl ection of the size or power of, for example, a senior lineage but of 
the competitive pressure it was under in particular places and times.
It is not clear whether the processes described here occurred throughout the 
LBK distribution, but they certainly seem to have been prevalent in its western 
half on the basis of the evidence. The reasons for their prevalence seem to be 
twofold. First, similar processes of demographic growth and local fi lling up would 
have been going on everywhere that the LBK settled [see, e.g., Ebersbach and 
Schade (2004) for another example]. Second, all these local societies ultimately 
had a common origin and thus a similar starting point in terms of social norms 
and institutions. This is apparent in the material dimensions for which we have 
evidence.
Decline and Disappearance of the LBK
The emergence of local inequality in terms of hereditary social and eco-
nomic distinctions based on priority of access during the colonization process 
is not the only widespread institutional trend to be observed in the course of the 
LBK. A pattern of ditched and/or palisaded enclosures in later occupation phases 
seems to characterize many settlement microregions. Kerig (2003) suggested that 
the enclosures represent the emergence of a new type of social institution that inte-
grated larger numbers of people into a single social unit. The existence of institu-
tions capable of bringing large numbers of men together for warfare, at least on a 
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temporary basis, is suggested by the scale of both the Talheim and Asparn- Schletz 
late LBK massacres (Wahl and König 1987; Wild et al. 2004). In the Talheim case 
the remains of 34 individuals were recovered, and in the Asparn -Schletz case at 
least 67, even though not all of the enclosure ditch was fully excavated. These 
fi gures imply large numbers of attackers.
Whether the LBK enclosures were themselves always defensive construc-
tions is not really the point if one accepts that they represent a new kind of social 
institution involving larger scale integration. One role of the social institutions 
associated with the enclosures may have been precisely to overcome the tensions 
arising from intragroup inequality and to make corporate groups act more effec-
tively as entities, as intergroup competition became increasingly important (cf. 
Read and LeBlanc 2003). In light of the evidence for massacres, it can be sug-
gested that once institutions emerged that integrated larger numbers of people into 
a cooperating unit that was competitively successful, other groups had little option 
but to copy them if they wished to avoid potentially disastrous consequences, even 
if the global outcome was poorer conditions for all. Growing intergroup hostilities 
may be behind the breakdown of previously long-standing lithic exchange net-
works at this time, as well as one of the factors that led to the population crash, 
or at least decline, in many areas of the western LBK apparent in the aggregate 
radiocarbon patterns discussed earlier (see Figure 2) but also more locally (e.g., 
Ebersbach and Schade 2004; Zimmermann 2002). However, the reasons for this 
decline remain obscure. It is not clear that the violence was on a suffi ciently large 
scale to account for it, and climate-based arguments are not suffi ciently clearly 
specifi ed in terms of their mechanisms and proposed consequences (e.g., Dubou-
loz 2008; Schmidt et al. 2004).
Hiatus in the Spread of Farming to Northwest Europe
It has long been apparent that the spread of farming from southwest Asia to 
northwest Europe did not occur at the same rate throughout its extent [see Bocquet-
Appel et al. (2009) for an especially clear demonstration of this point]. The contrast 
between its appearance at the western and northern edges of the central-west Euro-
pean loess zone before 5000 cal. BC and its expansion farther north and northwest 
into Britain and southern Scandinavia a thousand years later is particularly strik-
ing. Since the work of Zvelebil and Rowley-Conwy (1986) and subsequent papers 
by Zvelebil (e.g., 1996), the standard model of the spread of farming in temperate 
continental Europe beyond the initial core areas of the Balkans and the loess zone 
has been the following: an initial period when knowledge of agricultural resources 
and other aspects of farming material culture were available to local foragers; a 
substitution phase when foragers interacted increasingly with farmers and their 
existing lifeways were disrupted, because of such processes as a loss of hunting 
territories and increasing preferences of women in forager communities to marry 
farmers; and, fi nally, the full-scale adoption of farming. It is increasingly clear that 
this model does not fi t the evidence that is becoming available.
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Most important, this model implies a steadily growing pressure of farming 
populations on surviving hunting-gathering groups, especially in frontier areas 
such as northwest Europe, where the spread of farming halted for a millennium. 
However, as we have seen, the cumulative date probabilities for Belgium and the 
Netherlands in Figure 2 point to a steep decline in and not a collapse of farming 
populations at the end of the LBK. The same occurs in the western Rhineland and 
elsewhere. Many different lines of evidence support the argument that these areas 
were largely abandoned and then subsequently reoccupied, or at the least saw 
substantial population reductions. Whatever the reasons for it, the collapse of the 
farming, not the forager, populations is the opposite of what the Zvelebil model 
leads us to expect.
The paradigm case of the availability-substitution model for the adoption 
of farming is generally taken to be the Ertebølle culture of Denmark and northern 
Germany, with increasing evidence for contacts with farming groups to the south 
over the course of the 5th millennium BC, but a glance at the rising cumulative 
radio carbon probability curve for this period (Figure 2, Denmark) does not sug-
gest much in the way of disruption; to the contrary, it points to a steadily rising 
population curve until slightly before 4000 BC, although then there is an indica-
tion of a slight dip, and the beginning of the Neolithic at c. 3800 cal. BC does 
mark a rapid and major dietary shift from aquatic to terrestrial cultivated resources 
(Fischer et al. 2007). If there was some sort of crisis in the southern Scandinavia 
foraging system that resulted in a switch to farming, it was played out in an ex-
tremely short period of time between c. 4000 and 3800 cal. BC.
In fact, if we look across all the northwest European date curves shown 
in Figure 2, from several different regions, we see indications of a population 
increase in the centuries just before or just after 4000 BC. In the British Isles this 
increase is associated with the initial appearance of agriculture. In the coastal 
zone of the Low Countries the increase is associated with the adoption of cereal 
cultivation as one strategy among many by local forager groups (Cappers and 
Raemaekers 2008; Vanmontfort 2008), with no suggestion that this was precipi-
tated by existing growing local farming populations. As Bonsall et al. (2001a) 
pointed out a number of years ago, the Zvelebil model has no mechanism to ac-
count for this simultaneity, nor indeed to account for the specifi c length of the 
supposed “substitution” period. Bonsall et al. (2001a) proposed that the adoption 
of farming in these regions is associated with the onset of drier conditions across 
northwest Europe, for which they adduced a range of environmental evidence, and 
the likely implications of drier conditions for farming productivity.
Demographic Fluctuations and Genetic Consequences
The demographic patterns that I suggest are documented in the summed 
radio carbon probability curves associated with the appearance of farming in 
northwest Europe have more general implications for understanding the debates 
about the genetic legacy of the appearance of farming in Europe. Haak et al.’s 
HB_81_2-3_FINAL.indb   350 10/8/2009   12:05:28 PM
Early Neolithic European Demography / 351
(2005) recently published study of mtDNA results from skeletons of the LBK 
fi rst farmers of central Europe shows some of the issues involved. The main focus 
of the genetic aspect of the debate about whether farming spread to Europe as a 
result of demic or cultural diffusion has been on the extent to which immigrant 
Neolithic farmers contributed to the present-day European gene pool, unsurpris-
ingly given that the main data have been present-day gene distributions; Haak et 
al.’s discussion maintains this emphasis. Their fi ndings—that a signifi cant propor-
tion of the LBK skeletons are characterized by an mtDNA haplotype that is rare in 
present-day populations and that the decrease in frequency between 7,500 years 
ago and the present cannot be accounted for by any plausible drift model—are 
important in suggesting that female Neolithic farmers may not have contributed 
much to the present-day mitochondrial gene pool. However, it cannot automati-
cally be inferred from this that demographic expansion played only a minor role 
in the initial spread of farming, as proponents of the cultural diffusion argument 
have claimed, taking it as support for previous claims to this effect on the basis 
of present-day gene distributions (e.g., Richards 2003). An alternative possibility 
suggested by the demographic proxies is that Haak et al.’s results give an indica-
tion of the potential importance of past extinction processes of a more structured 
nature than drift.
As we have seen, there is evidence from some areas that, however successful 
the LBK was to start with, it fi nally went demographically extinct in some regions 
and that the areas it had occupied were recolonized by later groups. The extent of 
this process is the issue that now needs to be addressed. In other words, the pres-
ent-day gene distributions can tell us about expansions but little about subsequent 
extinctions and contractions, except to the extent that they can be encapsulated in 
simulations of drift models; to fi nd out about extinctions, we need ancient DNA 
and archaeological evidence. Larson et al.’s (2007) recent aDNA results, which 
suggest that pig lineages of Near Eastern origin associated with the LBK early 
Neolithic went extinct while those with a local native ancestry provided the origin 
of more recent populations, may be relevant to human populations as well.
Conclusions
Evolutionary theory provides the basis for explaining population processes 
and their consequences on a variety of scales. From this perspective it is entirely 
predictable that people would take reproductive advantage of the opportunities 
for dispersal provided by the culturally (and physically) inherited cereals–pulses–
 domestic animals package, in a subcontinent with favorable resource patches that 
had low existing population densities. Similar demographic expansion processes 
characterize the adoption of farming in many parts of the world, as the Renfrew-
Bellwood model of farming and language dispersal (see, e.g., Diamond and Bell-
wood 2003) makes clear, although not all agricultural systems were as productive 
and portable as the southwest Asian one and regional variations in agricultural-
demographic trajectories are now being identifi ed and characterized (e.g., Kohler 
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et al. 2008). What is perhaps more novel in terms of the demographic patterns 
revealed in this paper is the evidence that boom was often followed by bust. It 
remains to be seen whether this too is a widespread phenomenon on a worldwide 
scale and whether we can identify the reasons for it where it occurs. In the Euro-
pean case examined here we do not yet know whether it was a result of extrinsic 
factors (such as climate change) or intrinsic factors resulting from overshooting 
long-term carrying capacities, with direct consequences for subsistence, and/or 
more indirect social factors (such as intergroup violence).
Whatever the case may be, the evidence for a decline in farming populations 
on the western edge of central Europe early in the 5th millennium BC calls into 
question the current availability-substitution-adoption model of forager-farmer 
interaction as a basis for explaining the spread of agriculture to northwest Europe 
nearly a thousand years later. Given its widespread nature, a climatically based 
model for the subsequent expansion of farming and farmers in northwest Europe 
seems more likely, although much more work needs to be done to develop and test 
this idea. If there was some sort of crisis of the forager system, it seems to have 
been restricted to southern Scandinavia (out of the regions considered here) and to 
have been short-lived before the switch from foraging to farming took place.
But population processes are not phenomena that are relevant only at the 
macroscale. On the contrary, they have profound implications on a local level and 
over what are, for archaeologists, short time scales. As I have tried to show in this 
paper, human behavioral ecology provides a spectrum of models that make theo-
retically based predictions of the way population processes interact with social 
and economic processes. Thus the ideal despotic distribution, for example, a spe-
cifi c implication of population ecology in the presence of territoriality, provides 
a basis not only for understanding settlement and colonization decisions but also, 
in combination with reproductive skew theory, for explaining their subsequent 
consequences in terms of the gradual emergence of social inequalities based on 
settlement priority and control of the best territories as population increased, 
ultimately leading, in situations that seem to approximate the late LBK, to the 
potential for intergroup confl ict, as the growth of any given group comes to im-
pinge on that of its neighbors, and the loss of household autonomy. The potential 
for using such models to explain the patterns we observe in the prehistoric past 
is enormous.
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